Objective: To evaluate the wound complication rate in patients undergoing transumbilical single-incision laparoscopic (SIL) surgery. Background: SIL surgery claims to be less invasive than conventional laparoscopy. Small SIL series have raised concerns toward a higher wound complication rate related to the transumbilical incision. Methods: In a 44-month period, 1145 consecutive SIL procedures were included. The outcomes were assessed according to the intention-to-treat analysis principle. All procedures were followed for a minimum of 6 months postoperatively, and wound complications were recorded as bleeding, infection (superficial/deep), or hernia. Patients were classified as having a wound complication or not. For all comparisons, significance level was set at P < 0.05. Results: Pure transumbilical SIL surgery was completed in 92.84%, and additional trocars were used in 7.16%. After a median follow-up of 22.1 (range, 7.67-41.11) months, 29 wound complications (2.53%) had occurred [bleeding 0%/infection 1.05% (superficial 0.9%/deep 0.17%)/early-onset hernia 0.09%/late-onset hernia 1.40%, respectively]. Factors associated with complications were higher patient body mass index (28.16 ± 4.73 vs 26.40 ± 4.68 kg/m 2 ; P = 0.029), longer skin incisions (3.77 ± 1.62 vs 2.96 ± 1.06 cm; P = 0.012), and multiport SIL versus single-port SIL (8.47% vs 2.38%; P = 0.019) in complicated versus uncomplicated procedures. Furthermore, a learning curve effect was noted after 500 procedures (P = 0.015). Conclusions: With transumbilical SIL surgery, the incidence of wound complications is acceptable low and is further reduced once the learning curve has been passed.
T
he change from open to laparoscopic surgery, with minimizing the operative trauma, has significantly reduced the occurrence of wound-related complications. 1 However, wound infections and trocar site hernias are still reported with an incidence of 1% to 22% [2] [3] [4] [5] in all kinds of laparoscopic procedures. Wound complications are related to both patient and surgical characteristics. Patients with impaired wound healing or tissue compliance seen with obesity, diabetes, nicotine abuse, steroid use, or malnutrition are prone for complications, whereas operative parameters, such as the type of procedure and technical performance, further affect the incidence of infections or hernia formation.
Single-incision laparoscopic (SIL) surgery has been introduced to further allay the abdominal wall trauma, and conveniently, the embryonic scar of the navel enables easy access to the peritoneum without any visible scar. Various publications have approved feasibility of the transumbilical approach for standard and even demanding surgical procedures. [7] [8] [9] [10] [11] [12] [13] Meanwhile, professional criticism remains toward a measurable benefit for the patients, related to a possibly increased rate of wound complications. This is argued by the fact that transumbilical single-port surgery imposes the restriction of a slightly longer umbilical incision than the periumbilical trocar wound in standard laparoscopy. In addition, operative times for single-port procedures are longer in particular when the learning curve has not been passed. 14 Currently, literature does not provide reliable outcome data for transumbilical single-port laparoscopy with respect to wound complication rates.
Purpose of this study was to systematically evaluate wound complication rates and analyze risk factors in a cohort study of 1145 consecutive SIL procedures performed at our department.
METHODS
For this cohort study, all consecutive SIL procedures performed in a 44-month period at the Department of Surgery, Saint John of God Hospital Salzburg, Austria, were included. After 15 highly selected patients underwent SIL cholecystectomy, the SIL technique was implemented as a standard approach to a variety of laparoscopic operations. Until March 2012, a total of 1442 transumbilical SIL procedures were performed.
To evaluate umbilical wound complications, a minimum follow-up of 6 months postoperatively was regarded mandatory, and cases with shorter follow-up (n = 292 cases) were excluded. An additional 5 cases with conversion from SIL to open surgery for unforeseen tumor infiltration or bleeding were also excluded. Patients with more than 1 SIL procedure were counted per event when time between operations was longer than 6 months. Procedures with the use of additional trocars were included in this analysis as intention to treat. Primary study endpoint was occurrence of an umbilical wound complication defined as bleeding, infection, disruption, or hernia, respectively, after a SIL procedure.
The study protocol was approved by the Salzburg Government Institutional Review Board, and signed informed consent was obtained from all patients. Demographic, operative, and follow-up data were derived from our prospectively maintained institutional electronic database including specific SIL parameters.
Superficial surgical site infection (SSI): Incision site infection
within 30 days after the operation involving only skin or subcutaneous tissue and at least 1 of the following:
• Purulent drainage from the incision (with or without laboratory confirmation).
• Organisms isolated from the incision site.
• At least 1 of the following: pain or tenderness, localized swelling, redness, or heat; deliberate opening of the superficial incision (unless incision is culture-negative).
• Diagnosis of superficial incisional SSI made by surgeon or attending physician.
Deep SSI: Incision site infection within 30 days after the operation involving deep soft tissues and at least 1 of the following:
• Purulent drainage from the deep incision but not from organ or space of the surgical site.
• A deep incision spontaneously dehisces or is deliberately opened when patient has at least 1 of the following: fever (>38 • C), localized pain, or tenderness (unless culturenegative).
• Abscess or other evidence of infection involving the deep incision found on direct examination, during reoperation, or on histopathologic or radiologic examination.
• Diagnosis of a deep incisional SSI made by surgeon or attending physician.
Wound disruption (early-onset hernia) 2 : Separation of the layers of a surgical wound, partial or complete, with disruption of the fascia as a result of wound infection or acute bleeding.
Hernia (late-onset hernia)
2 : Late fascial dehiscence, with closed skin forming a peritoneal hernial sac.
Surgical Technique
Immediately before surgery, the navel was prepared with antiseptic solutions for about 5 minutes. Additional cleaning was performed after everting the umbilicus with 2 clamps (Fig. 1 ). The skin incision followed the natural grooves of the embryonic scar in a mainly longitudinal direction. Procedures were carried out using either a transumbilical single-incision 3-port access (Covidien, Brunn am Gebirge, Austria) or 1 of the following commercially available single-port systems: SILS port (Covidien), TriPort (Olympus, Austria), GelPoint (Applied Medical, Austria), X-Cone (Stortz, Germany), SPIDER (TransEnterix; DACH Medical, Austria), or OctoPort (AFS Medical, Austria).
The length of the incision was determined by the diameter of the port system (not exceeding 2.5 cm for all available devices), the diameter of the specimen that had to be removed, or preexisting larger umbilical hernias. Depending on the natural shape of the umbilicus, incisions of more than 4 cm generally resulted in a small linear scar emerging from the navel caudally. Although early in this series no protection foil was applied, we later considered wound protection mandatory for transumbilical specimen retrieval (Fig. 2) .
The wounds were closed with full thickness 2-0 reabsorbable sutures (PDS; Ethicon, Austria). Skin closure was achieved with intracutaneous reabsorbable single stitches.
Follow-up
All patients were followed for wound complications at least 1 week and 6 months after discharge. For the purpose of this study, patients with a longer follow-up were asked to see their physician to look for any signs of alteration at the umbilicus and were admitted to our outpatient clinic to further exclude or confirm any wound complication by ultrasonography.
Statistical Analysis
Possible risk factors were investigated using respective univariate analyses, namely, the χ 2 test, the Fisher exact test, the Wilcoxon rank sum test, the Wilcoxon signed rank test, the Kruskal-Wallis test, and logistic univariate regression. Amendatory logistic multivariate regression analyses were conducted.
The analyses were performed using the statistical software R (version 2.14.1; http://www.r-project.org). All statistical assessments were 2-sided and used a significance level of 0.05.
RESULTS
A total of 1071 consecutive patients undergoing 1145 transumbilical SIL procedures were included in this study (Table 1 ). In all of these patients, the respective simple and advanced procedures could be finished by the use of minimal invasive single-port or multiport techniques. In 1063 (92.84%) SIL procedures, no additional trocar was required. Difficulties in dissection, surgical field exposure, or intracorporeal suturing in the early cases necessitated extraumbilical instrumentation in the remaining 82 operations (7.16%).
Twenty-nine umbilical wound complications (2.53% of patients) were assessed during a median follow-up of 22.10 (range, 7.67-41.33) months postoperatively. All wound complications occurred within the first 6 months after the SIL procedure. Complications comprised 16 (1.40%) incisional hernias, 12 (1.05%) wound infections (10 superficial, 2 deep SSIs), and 1 (0.09%) wound disruption. No wound bleeding was observed in this cohort. Table 2 summarizes the characteristics of patients with and without postoperative wound complications.
Demographics and Anatomy
Evaluation of demographics reveals significant differences in weight and body mass index (BMI) between patients with uncomplicated and complicated wound healing. The odds for a complication (hernia or infection) are 1.45 for patients with a BMI 30 kg/m 2 or more. In particular, high BMI was found to be a risk factor for incisional hernia. The odds for an incisional hernia are 2.61 for obese patients compared with normal weight individuals (Fig. 3) .
The prevalence of preexisting umbilical fascial gaps or hernia was 44% in the study cohort. Neither this parameter nor the umbilical diameter and depth were identified as risk factors for wound complications.
Previous Surgery
All patients were evaluated regarding their surgical history. A total of 192 (17.93%) patients presented with abdominal incisional scars but did not show a higher incidence of wound complication than the group without previous abdominal surgery (P = 0.923), nor did the subgroup of patients (n = 115) with previous periumbilical incisions (P = 0.228). In addition, increased extend of intraoperative dissection of adhesions lengthened the procedural time but did not significantly increase the wound complication rate (P = 0.067). 
Procedural Parameters
Dependent on the type of procedure, we observed a wound complication rate between 0% and 3.35% (Table 1) .
The length of the procedure (skin-to-skin time), the time of day of incision (P = 0.829) or of wound closure (P = 0.841) in the morning, afternoon, or at night, and the surgeon did not constitute the independent risk parameters. The use of more than 1 prebent or articulating instrument did not statistically significantly improve or worsen the outcome (P = 0.639).
In contrast to the type of the procedure, the technique of transumbilical approach significantly changed the risk for wound complications: Single-port devices reduced the incidence of complications when compared with procedures with multiple transumbilical ports (2.38% vs 8.47%; P = 0.019). The use of a single-incision multiport approach resulted in an odds ratio of 3.789 for wound complication. We found no difference in complication rates for the different singleport devices that were used: 14/508 (2.76%) for the SILS port, 7/258 (2.71%) for GelPoint, 3/190 (1.58%) for TriPort, and 0/135 (0%) for X-Cone, SPIDER, and OctoPort, respectively.
The length of skin incision was a calculated significant risk factor for wound complications in this series (P = 0.012). Figure 3 demonstrates the plots for complicated and uncomplicated SIL procedures with respect to incisional length.
However, specimen retrieval through the umbilical route did not per se increase the risk for wound complications (Table 3) although organ retrieval frequently required substantially enlargement of the incision. Patients with advanced SIL liver, gastric, or pancreas resections required removal of a bulky specimen but sustained no complication, whereas incisional hernia and wound infections were also found in patients after groin hernia repair or fundoplication ( Table 1) . Retrieval of inflamed specimen did not statistically increase the risk for wound infection or hernia (P = 0.877) when compared with procedures without infected tissue removal. Perioperative antibiotic prophylaxis did not alter the risk for wound complications in this series: 9/350 (2.52%) complications with and 20/795 (2.52%) complications without antibiotic prophylaxis. No statistically significant difference in wound complication rate was found when wound closure techniques (running or interrupted) were compared (P = 0.422). Figure 4 depicts the timetables of categorized patients grouped to hundreds. No effect of learning curve was noted for incisional hernia complications, whereas the incidence of wound infections was reduced over time. A significant decrease in the number of complications is observed in the second half of the surgical patients (P = 0.015). These figures indicate that this is due to the accumulation of wound infections at the beginning. A considerable proportion of infectious complications in the first 100 patients resulted from an inadequate technique with multiple transumbilical ports, whereas some of the later complications might be due to inadequate specimen removals when we inappropriately did not use any retrieval bag or wound protection. Subdivision into hernia and infectious complications remains mathematically critical because the numbers of events in this analysis are too small to reveal any statistical significance (Fig. 5) . Table 4 demonstrates a logistic multivariate regression model that includes the significant risk factors of the univariate calculation. As the number of wound complications is relatively small, the conclusiveness of alternative multivariate analyses may be doubtful.
Learning Curve

Logistic Multivariate Regression Model
Wound Complication Management
In all patients with wound infections, immediate surgical wound evacuation was carried out. One of these patients suffered from repeated operative wound repair, finally resulting in total loss of the umbilical skin with consecutive skin flap reconstruction.
In 7 of the patients with incisional hernia (n = 16) and in the patient with wound disruption, direct closure with reabsorbable sutures was carried out, resulting in recurrent hernia in 2 of them. In all of the other hernias (n = 9), mesh repair sufficiently fixed the defect without recurrence.
DISCUSSION
SIL has recently been introduced as an evolution in minimally invasive surgery and is used for an ample variety of intra-abdominal operations, including gynecologic and urologic procedures, adrenal, colon, pancreas, liver, and small-bowel resections [7] [8] [9] [10] [11] [12] 16 in benign diseases. Although presently long-term data are still lacking to prove the outcome of SIL procedures, the emerging data of oncologic patient series undergoing SIL corroborate-mostly selected patients within these studies-the technical equality of a single-versus multiport approach. 9, 13, 17, 18 Ideally, SIL procedures reduce postoperative pain and hospitalization and lead to faster postoperative recovery than conventional laparoscopy [19] [20] [21] apart from better cosmetic aspects through the absence of visible scars. As the number of complications is relatively small (2.53%), the conclusiveness of multivariate analyses may be doubtful.
BMI-skin incision length-multiple ports (P < 0.001).
navel before skin incision is therefore advisable for the transumbilical approach. Furthermore, it seems important to avoid a too small skin incision, which results in poor vision of the fascia, whereas contusion of the skin edges compromises postoperative wound healing. Sometimes, after removal of the port and closure of the fascia, there is an abundance of skin for umbilical reconstruction, and we have moved to quite liberally excising the skin to facilitate intracutaneous closure. With the use of rather loose interrupted instead of running sutures, the skin of the navel usually adopts nicely if held in place by a small round swap put into the umbilicus at the end of the procedure.
However, neither the shape nor the size of the umbilicus statistically predisposed for any complication in this series. Unfortunately, from the surgeons' point of view, a considerable amount of training is required to overcome limitations in instrument manipulation. However, SIL surgery allows add-on trocars on demand without delay. Moreover, 1 or 2 additional trocars that had been used in this series to alleviate the performance in 7.16% of cases were considered not so much a complication, as this still typifies a reduced port approach.
A potential shortcoming of SIL that could mitigate the so far reported benefits over conventional laparoscopic surgery may be a higher wound complication rate. With the limitation of only few large SIL series being published, some report wound complications in up to 10% of patients. 22, 23 However, a large systematic review of 3989 SIL patients by Pollard et al 24 found an overall minor postoperative complication rate of 2.5% and a severe complication rate of 0.6%, including a wound complication rate of 2.1% and a trocar hernia rate of 0.2%, which was compared with a 1.6% trocar site hernia rate in the 4-port laparoscopy control group of 1165 patients.
In our single-center experience, the overall wound complication rate was 2.5%, which blends into the reported figures and is comparable with both the published rates of SIL and conventional laparoscopy. Given the fact that this series is the to date largest reported cohort, it seems reasonable to argue that the reported high wound complication rates published elsewhere 22 admit the possibility of skewed results because of either a learning curve effect for SIL procedures (the authors reported on the first 50 patients) or a small sample size. In our own experience, we noticed a learning curve effect with regard to wound complications. Within the first 200 procedures, both the wound infection and incisional hernia rates were 3%, which dropped to less than 1% later in the series. This was, in part, attributable to the use of 3 single trocars early in our series, which resulted in an 8% umbilical infection rate.
Unsurprisingly, this series unraveled a high BMI to increase the risk for wound complications, in particular incisional hernias. It is well documented that obese individuals are prone to complicated wound healing in conventional and minimal invasive surgery. 2, 24 Basically, compared with conventional laparoscopic port incisions, a larger fascial incision-typically 2 to 2.5 cm-is required to place a single-port device. This incision may need further enlargement to extract a bulky specimen. In laparoscopic surgery, the risk of incisional hernia development is related to the incision size and is generally 0.65% to 2.80%. [2] [3] [4] However, even for multiport
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laparoscopy, much higher incidences of incisional hernias (up to 22%) have been published. 5 With a 1.49% incisional hernia rate in this SIL series, the results are well within the reported limits for conventional laparoscopy. Keeping in mind that this patient collective comprises more than 200 cases of large specimen (colon, stomach, pancreas, liver, and spleen) resection with subsequent retrieval through the single-port site, the reported incidence for incisional hernia is considered to be representative and not underestimated.
It is worth noting that by the use of the transumbilical approach, preexisting umbilical fascial defects were detected more often and adopted to host the single-port device. Fascial closure at the end of the procedure allowed simultaneous abdominal wall reconstruction without the burden of higher wound complications than that in standard umbilical hernia repair with a reported incidence of recurrences of 3% to 8%. 25 In this series, a correlation between fascial incision length and the risk for port-site complications was found. We routinely closed the abdominal wall with a full-thickness running 2-0 PDS suture; however, given the higher risk in large incisions, 26 one could consider to close fascial gaps larger 4 cm similar to normal laparotomy wounds. In a recently published review, Swank et al 4 also reported duration of surgery, older patient age, and higher BMI as risk factors for trocar site hernia formation, of which the latter is in accordance with our findings.
Previous surgery might complicate the procedural outcome because adhesions require additional dissection and consumption of operative time. However, in this series, neither a positive surgical history nor any parameter of procedural time influenced the outcome regarding wound complications.
Another factor possibly influencing the incidence of port-site complications might be the use of drainages. Given the virtual absence of scars, some authors are reluctant to perform a single-port procedure and create a separate wound to drain the abdomen. Hence, the drainage is often led through the umbilicus. 9 However, keeping in mind that literature advocates closure of all trocar defects larger than 10 mm, 2, 4 the fascial gap of the drain might probably relate to the somewhat higher wound complication rates reported in some series.
Interestingly, in our series, with a mean follow-up of 22 months, all observed incisional hernias occurred within the first 6 months postoperatively. All of the port hernias presented as late-onset 2 ones with a peritoneal hernia sac. In a recent review regarding port-site hernias in multiport laparoscopy, Tonouchi et al 2 reported incisional hernia occurrence between a mean of 6 and 14 months postsurgery. Whether this earlier occurrence of hernia in our cohort is coincidental or related to different mechanisms (eg, suture breakdown or initial technical failure) or the intrinsic fact that SIL results in slightly larger trocar site incisions can be speculated. The occurrence of a significant number of trocar site hernia after groin hernia repair or fundoplication emphasizes the possibility of generalized weakening of connective tissue in these patients.
Importantly, once a trocar site hernia has occurred, we encountered an unexpectedly high 2/7 (29%) recurrence rate in patients who underwent direct closure of the port-site hernia. We therefore have changed our practice to either mesh augmentation or suturing with nonabsorbable material in all redoes for port-site hernias after a SIL-procedure.
Although this series comprises a large, consecutive, prospectively collected patient cohort, several important limitations have to be considered. First, the patient cohort is not homogeneous, as not only a large number of different procedures had been included but also the personal learning curve and the evolution of the different single-port devices and laparoscopic instruments is included in this series. Second, even in 1145 procedures, the absolute number of adverse events is low and therefore a type II statistical error cannot be excluded.
Third, all patients were seen postoperatively in a clinical return visit, and regular follow-up with the admitting primary care physicians and patients was maintained within the first year postsurgery. Ultrasonography was performed only upon clinical suspicion for a wound complication but not in every patient.
In conclusion, we present a large single-center experience of SIL procedures. Within our consecutive patient cohort, wound complications occurred at an overall incidence of 2.5% in a mid-term follow-up. We therefore conclude that wound complications-wound infections and port-site hernias-do not occur at a higher rate than the rates of conventional multiport laparoscopy as outlined by a robust body of literature. We therefore advocate that the positive effects of SIL procedures compared with multiport laparoscopy are not mitigated by higher local wound complication rates.
